In a previous study, we demonstrated prolonged length of hospital stay in cases of extended-spectrum beta-lactamase (ESBL)-positive K. pneumoniae bacteremia compared to bacteremia cases due to E. coli (ESBL-positive and -negative) and ESBL-negative K. pneumoniae. The overall mortality was significantly higher in bacteremia cases resulting from ESBL-positive pathogens but also in K. pneumoniae cases disregarding ESBL-production. In order to examine whether pathogen species rather than multidrug resistance might affect mortality risk, we reanalyzed our dataset that includes 1.851 cases of bacteremia.
Background
The incidence of infections associated with multidrugresistant Gram-negative organisms like extendedspectrum beta-lactamase producing Enterobacteriaceae (ESBL-E) is growing in Germany [1] . These infections, according to reports, result in increased mortality and an elevated financial burden for hospitals and health care systems [2] . In 2014, we published the results of a study on the costs of bloodstream infections (BSI) with ESBL-E and length of resulting hospital stays [3] . Our data showed that in particular K. pneumoniae was related to prolonged length of stays and increased hospital costs regardless the detection of ESBL production. We furthermore observed a significantly increased overall mortality associated with ESBL-positive pathogens (25.0 % vs. 19.0 %, p-value = 0.028). However, this difference in mortality was also observed in K. pneumoniae cases compared to E. coli cases without considering ESBL-production (25.0 % vs. 18.5 %, p = 0.006). This observation posed the question whether the pathogen species or multidrug resistance had a greater influence on the mortality rate.
Methods
We reanalyzed the dataset to examine risk factors for mortality including pathogen species and ESBL production. All definitions remained the same from the previous publication with the exception of mortality rate. In order to detect mortality rates attributable to the bloodstream infection (BSI-attributable mortality), we focused on the 7-day mortality rate after BSI onset. All other definitions were following the original publication. The median and the interquartile range (IQR) were calculated for continuous parameters, numbers and percentage were calculated for binary parameters. Differences between deceased patients and those who survived were tested using the Wilcoxon rank sum test for continuous variables and the Chi square test for binary variables. A p-value <0.05 was considered statistically significant. In the multivariable analysis, Coxproportional hazard regression analysis was performed to investigate the risk factors for mortality ≤7 days after BSI onset (BSI-attributable mortality). We calculated adjusted hazard ratios (HR) for pathogen species and ESBLpositivity. Model building strategy was step-wise forward with a p-value < .05 for including a variable in the model. All parameters with a p-value <0.1 in the univariable analysis were considered in the multivariable analysis, and the interaction between pathogen species and ESBL-positivity were included in all multivariable models. Underlying comorbidities were assessed as in the original publication. In order to enable a comparison between the risk factors for BSI-attributable mortality (7-day mortality) and in-hospital mortality, the analysis was repeated for the latter using the same parameters and statistical method. All analyses were performed using SPSS (IBM SPSS statistics, Somer, NY, USA) and SAS (SAS Institute, Cary, NC, USA).
Results
Overall 8.7 % (n = 161) of the patients were deceased within seven days of developing a bloodstream infection whereas n = 205 (11.1 %) patients died at a later point in time during their hospital stay (Table 1 ). In the univariable analysis, patients who died within the 7 days after BSI onset were significantly older compared to the 7-day survivors. However, this was not observed concerning overall in-hospital mortality. With respect to the 7-day mortality, there was no statistical significant difference observed concerning ESBL-production or pathogen species. Furthermore, the following parameter showed significantly increased risk for overall in-hospital mortality but not for 7-day mortality: polymicrobial BSI, male sex, hospital onset, cerebrovascular disease, lung disease and cancer/immunological disease.
In the multivariable analysis, independently associated factors with 7-day mortality were renal disease, liver disease, cancer /immunological disease and heart disease ( Table 2) . No effect was observed concerning neither pathogen species nor ESBL-production. For overall in-hospital mortality, a similar risk profile could be observed concerning underlying diseases. Here, BSI with ESBL-negative K. pneumoniae was found to be an independent risk factor for overall inhospital mortality.
Discussion
In earlier studies, ESBL-positive pathogens causing infections were associated with increased mortality [2] . However, recent studies have cast doubt on this general assumption and showed a lack of sufficiently controlled studies especially with respect to antimicrobial treatment [4, 5] . Unfortunately, we do not have sufficient data on antimicrobial treatment and are unable to examine this assumption. Especially carbapenem resistance poses a serious threat, as carbapenems are the most important reserve substances for these infections [6] . However, our cohort was comprised of only two cases resulting from carbapenem-resistant organisms. In the original publication, K. pneumoniae cases were associated with a significantly higher comorbidity index (6 vs. 5, p = 0.001). K. pneumoniae BSIs were more often associated with the detection of other organisms in the same blood culture (24.4 % vs. 9.9 %, p ≤ 0.001) and they occurred later than the respective E. coli BSIs (hospital day 6 vs. 1, p ≤ 0.001). These observations indicate epidemiological and pathophysiological differences between both groups that we do not yet entirely understand.
In the analysis at hand, we observed severe comorbidities, like renal disease, liver disease or cancer to be the only independently associated risk factors for BSIattributable mortality. In contrast, ESBL-negative K. pneumoniae (in addition to comorbidities) was independently associated with in-hospital mortality. We see this as the result of an unmeasured confounder that is associated with increased risk of mortality in the aftermath of survival from a K. pneumoniae BSI.
This analysis has limitations. Our data lacks information on antimicrobial therapy, which could provide further information. However, the patients were treated following current sepsis guidelines. The guidelines do not differentiate between K. pneumoniae and E. coli and therefore render a systematical therapeutic difference unlikely. Data on source of BSI and on the severity of disease (e.g. sepsis, septic shock) were not sufficiently available. Therefore, we could not adjust for the effect of these potential confounders.
Conclusions
ESBL-E BSI-attributable mortality was influenced neither by pathogen species nor by ESBL-production. However, we observed epidemiological differences between patients infected with K. pneumoniae or E.coli that lead to an increased in-hospital mortality, not attributable to the BSI episode. Both pathogens are the most commonly found representatives of ESBL-producing bacteria in clinical isolates. Hence, it is of paramount importance to understand the factors that determine the course of infection and the overall outcome. Thus, further well-designed studies of epidemiological and pathophysiological differences between K. pneumoniae and E. coli -infections are necessary. 
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